Abstract. Acoustic emission (AE) method is a passive non-destructive technique that can be applicable for structural health monitoring. This technique have been used in the field of reinforced concrete (RC) structure for investigation process of damage in both case local and global monitoring. In this study AE technique was employed to investigate the process of fracture formation in reinforced concrete (RC) structure. Five RC frames were tested under loading cycle and were simultaneously monitored using AE. The AE test data using the b-value method and Damage parameter were analyzed. The the trend of Minimum b-value and Maximum Damage parameter in stages of failure showed that these method are able to indicate the levels of damage in RC frame. With respects to the results obtained, a new chart is proposed by cross plotting Load and b-value. Three levels (heavy, moderate and low) of damage in concrete structure can be identified using this chart.
INTRODUCTION
AE method is a passive non-destructive technique that can be applicable in structural health monitoring (Proverbio, 2011) . This method is a useful technique for real time examination of the behaviour of materials deforming under stress (Nair et al., 2010) . The main goal of AE monitoring in structures is to detect, source, and assess the intensity of damage (Holford et al., 2005) .The primarily sources of AE are micro-cracking, macro-cracking, yielding, fracture (Muravin, 2009 ). AE technique is already used in civil engineering for evaluation of structural integrity because of its possibility for location and detection of developing damage (Ramadan et al., 2008) . This technique have been used in the field of reinforced concrete (RC) structure for investigation process of damage in both case local and global monitoring.
The b-value is a significant method for analysis of AE signals. This method has been used for structure damage evaluation by several researchers. A number works was found that b-value has been used for evaluation of RC beam such as Shiotani et al. (2001) , Colombo et al. (2003) , Kurz et al. (2006) , Ko and Yu (2009), Proverbio (2011) and Schumacher et al. (2011) .
Also, damage parameter is a method for analysis of AE signals that was derived by the study of Cox and Meredith (1993) on the micro-crack formation in rock. A few works was found that damage parameter has been used for evaluation of RC beam such as Colombo et al. (2003) and Proverbio (2011) .
In main objective of this current study was damage evaluation assessment of RC frame using Damage parameter and b-value analysis of acoustic emission signals with a new approach. Commonly, previous works using b-value method has been focused on local evaluation of RC beams. However in this research, suitably of this method for global evaluation of RC frame was investigated.
METHODOLOGY

b-value analysis
In earthquake seismology, events of larger magnitude occur less frequently than events of smaller magnitude (Schumacher et al., 2011) . The relationship was first established by Gutenberg and Richter in 1949(Gutenberg and Richter, 1954) . GutenbergRichter relation is defined as:
Log [N] = a -b M (1) Where M =the magnitude of earthquake; N = earthquake number with finite magnitude interval (larger than M); and a & b are empirical constants (Ko and Yu, 2009 ).
Gutenberg-Richter relation was applied to AE method and was found a statistical correlation between the number of AE events and signal amplitude. According to Colombo et al. (2003) , in term of AE technique, b-value is defined as: /20) (2) Where = AE amplitude; N = the number of AE events with an amplitude higher than with . The b-value is defined as the log-linear slope of the frequency magnitude distribution of AE (Rao and Lakshmi, 2005) .
Damage parameter analysis
Damage parameter is a method for evaluation of damage in a material in terms of acoustic emission Damage parameter was analytical defined as (Cox and Meredith, 1993) : 
EXPERIMENTAL PROCEDURES
Material details
A series of experiments was conducted on reinforced concrete (RC) frame. A total of five RC frame specimens were built. Figure 1 shows the detail and dimension of RC frame specimens. The dimension of RC frames, were length of 2000mm, height of 1000mm and crocs section of 250x250 mm as shown in Figure 1 . The water to cement ratio was 0.5 and the material proportions were 1:3:4:0.6 by weight of cement, sand, aggregate and water respectively. The average compressive strength of concrete at 28 days was 240Mpa. 
Test monitoring using AE technique
A total of five RC frame specimens described earlier were tested under loading cycle. In order to perform acoustic emission monitoring, an eight channel AE system (DISP-8PCI) manufactured by Physical Acoustics Corporation (PAC) was employed. Four R6I sensors with the resonance frequency of approximately 60 kHz were used. The AE systems hardware was set up was threshold level of 45dB for all channels in order to avoid the possibility of noise effect. The cyclic load pattern was determined as shown in Figure  2 . The load was applied in 10kN steps at mid span of RC frame. The load was applied from 0.5kN to maximum of each loading cycle (10kN increment) and held constant for one minute. Then, the load was unloaded from maximum of each loading cycle to 0.5kN and was held for 2 minutes.
The test was monitored by AE throughout the test. The measurement include load, mid span deflection and AE data were recorded continuously during the three point bending test.
RESULTS ANALYSIS AND DISCUSSION
Responses of test RC frame to cyclic loading
The RC frames described early were tested under loading cycle. The RC frame was failed in loading cycle 12 (120kN). The behaviour of all RC frames under loading cycle can be divided into seven stages of failure namely:(I)Micro-cracking at the mid span of RC frame during, (II) First flexural cracks at mid span of RC frame, (III) distributed flexural cracks at the mid span of RC frame, (IV) first cracks at the beam-column connection zones, (V)Distributed cracks at beam-column connection zones, (VI) Damage localization at the beam-column connection zone, (VII) Failure at beam-column connection zone .
Fig 2:
The loading cyclic pattern
b-value analysis
The AE data obtained in test was used in order to carry out b-value analysis. The range of AE amplitude was in steps of 5 dB and b-value was calculated for each group during each loading cycle. The Minimum of b-value during each loading cycle was calculated. The b-value derives from the amplitude distribution data of AE and is defined as the log-linear slope of the frequency magnitude distribution of AE. Micro-cracks generate a large number of small AE amplitude and macro-cracks generate AE amplitude higher than micro-cracks (Kurz and et al. 2006) . Also, the low b-value represents faster or unstable crack growth due to high amplitude AE in large number (Rao et al., 2005) . The fracture process moves from micro to macro cracking with increasing load. Also, with increasing load, AE signals with higher amplitude are generated. Thus, it should be expected that the minimum b-value decreased with increasing load. With respects to the results obtained from the minimum b-value analysis, it can be said that the Minimum b-value is dependent with loading levels and sensitive with cracks growth in RC frame specimens and was able to indicate the levels of damage.
Damage parameter analysis
Also, The AE data obtained in test was used in order to carry out a Damage Parameter analysis. According to Colombo et al. (2003) and Proverbio (2011) , the total number of AE events for each channel during a load cycle was divided in groups with interval of 100 events in each group. The damage parameters for all channels were calculated. Figure 5 shows the trend of Maximum of Damage parameter against cycle number for a sample. Data points show that during loading cycle 1 to 3 and in stage micro-cracks (stage I), the Maximum of Damage parameters is less than3E+13 and low level. Also, during loading cycle 4 to 6 and in stage initial and distribution of cracks in mad span of RC frame (stage II and III), the Maximum Damage parameters is between 3E+13 and 4E+14 and moderate level. In addition during loading cycle 7 to 
Propose a new b-value chart
With respects to the results obtained from the Minimum b-value analysis and damage parameter, a new chart is proposed by cross plotting Load and Minimum b-value. Three levels (low, moderate and heavy) of damage in concrete structure can be identified using this chart. Figure 6 shows Minimum b-value versus Load chart. In the stage of micro-crack, no significant structural damage was observed and AE is emitted with low level amplitude. Thus, an appropriate limit for b-value can be identifying as 2. Also, there is high significant damage in stage initial cracks at beam -column connection zone and AE is emitted with high level amplitude, thus, an appropriate limit for b-value can be identify as 1. 
CONCLUSIONS
This paper provides the results from tests on RC frame under loading cycle and was monitored by AE throughout the test. On the basis of AE activities, the analysis of signal characteristics using the minimum b-value and Damage parameter, the conclusions are presented below: 1. The trend of minimum b-value and maximum damage parameter showed that these methods is strongly sensitive with cracks growth in RC frame specimens and was able to indicate the levels of damage. 2. Three levels of damage in concrete structure can be identified using this chart by cross plotting Load and b-value 3. Results showed that AE can be considered as a viable method to predict the remaining service life of reinforced concrete structure.
